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A reinvestigation of reactions of cyclohexanone with arylidene malononitriles has revealed the'
formation of 2-amino-4-aryl-l,1 ,3-tricy'ano-5,6-cycloalk-l' -enyl-cyclohex-2-enes (3) which is differ-
ent from the earlier reported products 1 or 2. Similarly, reaction of malononitrile with pyranderiva-
tive Sleads to the formation of penta-substituted cyclohex-l,3-diene (7) instead of pyranopyridine
derivative 6. The plausible mechanisms for the formation of 3 and 7 have been suggested.
The use of a,f}-unsaturated nitriles for the synthe-
sis of a variety of heterocycles have been widely
documented and reviewed'. Of the various reac-
tions reported, a few still continue to be a subject
of controversy. For example, El-Taweel et aU
found that the reaction of arylidene malononitrile
with cyclohexanone yielded the carbocyclic com-
pound 1 while Assy et af.3 reported the same
reaction to furnish the pyran derivative 2. Con-
trary to these observations the present investiga-
tion indicates that the reactions of cyclohexanone
with arylidene malononitriles in the presence of
Et3N furnish 2-amino-4-aryl-1,l,3-tricyano-5,6-
cycloalk -1' -enyl-cyclohex- 2-enes (3a-c) in moder-
ate yields beside other polymeric products
(Scheme I). These carbocyclic compounds reacted









tCDRI Communication No. 5551
Since the products 3a-c exhibited problem of
solubility, extensive NMR studies with the help of
2D correlation spectroscopy (COSY) and Hetero
Multiple Quantum Coherence (HMQC) were car-
ried out with 4a as the model compound for sup-
porting the assigned structure. The ';>C-NMR
spectrum of 4a revealed more number of carbons
than the expected number for the earlier reported
structure 2 and also established the presence of
three CN groups against one CN group in com-
pound 2. The 13C-NMR and HMQC established
the presence of three CH2 groups, two CH
groups and two = CH groups in 4a and revealed
the interrelationship between the carbon and pro-
ton signals. The 2D 'H-'H COSY experiment es-
tablished - CH - CH - CH2 - CH2 - CH2 - CH = C
type of linkage. Besides these NMR data, the




Ar ArcQ:CNCH(OEt)\ ~N~ I AcfJ h IH2 =C~t
NC CN Ne N
4~c
Schemel
26 INDIAN J. CHEM. SEC B, JANUARY 1997
ence of four nitrogen atoms. All these spectros-
copic evidence supported the assigned structure
of the product as 4a. The plausible pathway for
the formation of 3a-c is described in Scheme II.
During this study another observation contrad-
ictory to the one reported earlier was also ob-
served. This relates to another reaction product 5
of arylidene malononitrile with methyl acetoacet-
ate. It was reported" that malononitrile reacts with
5 to yield pyranopyridine derivative 6. Contrary
to this observation it has been observed in the
present study that this reaction yielded compound
7 which on reaction with triethylorthoformate in
acetic anhydride yielded the imidate derivative 8.
The 'H-NMR and i3C-NMR spectra of com-
pound 8 revealed the presence of one CH2 group
and two CH groups besides CH of the phenyl
ring. The HMQC experiment confirmed this ob-
servation and also established the relationship be-
tween carbon and proton signals. The nOe differ-
ence spectroscopy experiment with compound 8
revealed nOe between the CH2 and CH - N =
protons. The irradiation of peak of one proton of
CH2 at 03.05 led to 0.75% enhancement of peak
for the CH - NH2 proton at 03.44 and 2.90%
enhancement of peak for the other proton of the
CH2 group at 04.22. The irradiation of peak for
the CH- NH2 proton led to 1.15% enhancement
of the peak for one proton of the CH2 at 0 4.22.
The irradiation of the peak 04.22 led to 0.96%
and 1.43% enhancement of peaks at 03.44 and
3.05 respectively. A plausible mechanism for the
formation of compound 7 is described in Scheme
m.
Experimental Section
Melting points were determined on a hot stage
ArCH=C(CN)Z +
apparatus and are uncorrected. IR spectra (vrnax in
em - ') were recorded on a Beckmann Acculab-lO
or Perkin Elmer 881 spectrophotometers using
KBr discs, IH-NMR and i3C NMR spectra on a
Perkin Elmer R-32, Bruker 400 Ff or Bruker
300 Ff NMR instruments using TMS as internal
standard and mass spectra on a Jeol JMS-D-300
spectrometer. Chemical analyses were carried out
on Carlo Erba 1108 analyzer.
Reaction of cyclohexanone with arylidene
malononitriles: General procedure. A solution
of appropriate arylidene malononitrile (5 mmole),
cyclohexanone (5 mmole) and Et3N (catalytic
amount) in ethanol (12 mL) was refluxed for 3 hr.
Thereafter the separated solid was filtered off and
washed with ethanol to obtain pure analytical
sample.
3a: Yield 30%, m.p. 265°C (Found: C,75.9; H,
5.4; N, 18.7. Calcd for C'9H'6N4: C, 75.9; H, 5.3;
N, 18.6%); IR: 3340 (NH2), 2210 (CN); 'H-
NMR (CDCl3 + DMSO-d6): 00.95 (m, 1H,
- CH2 - CH2 - CH), 1.63 (m, 3H,
- CH2 - CH2 - CH - ), 2.10 (m, 2H,
=CH-CH2-CH2), 2.91 (m, 2H, -CH-Ar and
Ar-CH-CH-CHi), 5.85 (s, 1H, =CH), 6.38
(s, 2H, NH2), 7.36 (s, 5H, Ar-H); 13C-
NMR (DMSO-t4): 21.22, 25.07, 27.20, 34.17,
43.11, 51.12, 81.12, 112.58, 112.72, 116.37,
121.00, 127.08, 128.64, 128.86, 129.07, 129.22,
132.56,134.68,143.61 ppm; MS :mJz 300 (M+).
3b: Yield 40%, m.p. 278-80°C (Found: C,
76.3; H, 5.9; N, 18.1. Calcd for C2oHlSN4: C,
76.4; H, 5.7; N, 17.8%); IR: 3336 (NH2), 2212
(CN); IH-NMR (DMSO-d6): 01.02 (m, 1H,
- CH2 - CH2- CH - ), 1.62 (m, 3H,
- CH2 - CH2 - CH - ), 2.20 *' (m, 2H,
l
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= CH - CH2 - CH2 -), 2.44 (s, 3H, Ar - CH3),
2.90 (m, 2H, - CH - Ar and
Ar-CH-CH-CH2-), 5.82 (brs, 1H, =CH),
7.36 (s, 4H, Ar- H); MS: m/z 314 (M+).
3c: Yield 33%, m.p. 262-63°C (Found: C,
70.7; H, 5.6; N, 16.1. Calcd for C2oHlSN40.H20 :
C, 70.7; H, 5.7; N, 16.5%); IR: 3340 (NH2), 2214
(CN): IH NMR (DMSO-d6): 01.05 (m, 1H,
- CH2 - CH2 - CH - ), 1.66 '(m, 3H,
- CH2 - CH2 - CH - ), 2.22 (m, 2H,
=CH-CH2-CH2-), 2.86 (m, 2H, -CH-Ar
and Ar - CH - CH - CH2 - ), 3.88 (s, 3H,
Ar-OCH3), 5.82 (s, 1H, =CH), 7.05 (d, 2H,
J=9 Hz, Ar-H), 7.40 (d, 2H, J=9 Hz, Ar-H);
MS: m/z 330 (M+).
Preparation of imidates 4a-c: General proce-
dure. A mixture of an appropriate compound
from 3a-c (5 mmole) in acetic anhydride (8 mL)
and triethylorthoformate (35 mmole) was reflu-
xed under stirring at 120°C for 45 min to 1.15 hr.
After the completion of reaction (monitored by
TLC), the reaction mixture was extracted with
chloroform (3 x 30 mL). The combined organic
extract was washed with brine (50 mL), dried and
evaporated. The residue on trituration with hex-
ane furnished the products 4a-c which were rec-
rystallized from ethanol.
4a: Yield 49%, m.p. 155-5rC (Found: C, 74.1;
H, 5.7; N, 15.9. Calcd for C22H20N40; C, 74.1; H,
Scheme ill
5.3; N, 15.7%); IR: 2222 (CN); IH-NMR
(CDCl3): 00.95 (m, IH, -CH2-CH2-CH-),
1.40 (t, 3H, - CH2 - CH - CH3), 1.51 (m, IH,
=CH-CH2-CH2), 1.73 (m, 2H,
- CH2 - CH2 - CH and - CH2 - CH2 - CH2),
2.30 (m, 2H, = CH - CH2 - CH2 and
-CH2-CH2-CH2), 2.92 (rn, IH,
Ar-CH-CH-CH2-), 3.07 (d, IH, J=10 Hz,
- CH- Ar ), 4.42 (q, 2H, - CH2 - CH3), 6.40 (s,
IH, =CH-CH2), 7.44 (m, 5H, Ar-H), 7.95 (s,
IH, -N=CH-), 13C-NMR (CDCI3): 13.8,21.2,
27.2, 34.6, 45.9, 52.3, 64.9, 102.4, 112.0, 112.0,
114.3, 126.5, 128.5, 129.1, 129.4, 132.1, 133.7,
143.6,158.3 ppm; MS: m/z 356 (M+).
4b: Yield 74%, m.p. 171-rrc (Found: C,
74.4; H, 6.1: N, 15.0. Calcd for C23H22N40: C,
74.5; H, 5.7: N, 15.1%); IR: 2224 (CN); IH-NMR
(CDCl3): 00.94 (m, 1H, - CH2 - CH2 - CH -),
1.41 (t, 3H, -CH2-CH3), 1.77 (m, 3H,
=CH-CH2-CH2, -CH2-CH2-CH - and
- CH2 - CH2 - CH2), 2.30 (m, 2H,
=CH-CH -CH- and -CH -CH -CH). 2 2 2 2 ,
2.36 (s, 3H, Ar-CH3), 2.98 (m, 2H, -CH-Ar
and Ar - CH - CH - CH2), 4.40 (q, 2H,
- CH2CH3), 6.34 (brs, IH, = CH- CH2 + ), 7.22
(s, 4H, Ar - H), 7.89 (s, IH, - N = CH); MS: m/z
370 (M+).
4c: Yield 52%, m.p. 152-53°C (Found: C,
71.5; H, 5.9; N, 14.9. Calcd for C~:lH22N402: C,
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71.4; H, 5.7, N, 14.5%); IR: 2222 (CN): IH-
NMR (CDCI3: 60.95 (m, 1H,
- CH2 - CH2 - CH), 1.41 (t, 3H, - CH2 - CH3),
1.75 (m, 3H, =CH-CH2-CH2,
- CH2 - CH2 - CH and - CH2 - CH2 - CH2),
2.30 (m, 2H, = CH - CH2 - CH2 and
CH2 - CH2 - CH2), 2.99 (m, 2H,
Ar-CH-CH-CH2- and CH-Ar), 3.82 (rn,
3H, Ar-OCH3), 4.40 (q, 2H, -CH2-CH3),
6.36 (brs, 1H, =CH-CH2-), 6.95 (d, 2H, J=9
Hz, Ar-H), 7.31 (d, 2H, J=9 Hz, AI-H), 7.91
(s, 1H, - N=CH); MS: mlz 386 (M+).
Reaction of 4H-pyran (5) with malononitrile:
Typical procedure. A mixture of compound 5 (5
mrnole), malononitrile (5 mmole) and Et3N (0.05
mL) in ethanol (10 mL) was refluxed over water-
bath for 3 hr. The separated solid was filtered off
and recrystallised from ethanol.
7 : Yield 29%, m.p. 229°C (Found: C, 65.9; H,
4.8; N, 16.5. Calcd for C19H16N403: C, 65.5; H,
4.6; N, 16.1%); IR: 3330 (NH2), 2210 (CN), 1745
(C=O); IH-NMR (CDCI3): 63.07 (m, 1H, CH2),
3.41 and 3.45 (dd, 1H, - CH- NH2), 3.71 (s, 3H,
C02CH3), 3.84 (s, 3H, Ar-OCH3), 4.15, 4.21
(dd, 1H, CH2), 5.59 (s, 2H, NH2), 6.09 (s, 1H,
CH-(CN)2), 6.97 (d, 2H, J=9 Hz, Ar-H), 7.39
(d, 2H, J= 9 Hz, Ar- H); MS: mlz 348 (M+).
Preparation of imidate 8. Same as that for com-
pound 4a-c.
8: Yield 45%, m.p. 130°C (Found: C, 65.7; H,
5.3; N, 13.7. Calcd for C22H2oN404: C, 65.3; H,
4.9; N, 13.8%; IR: 2220 (CN), 1715 (C=O); IH-
NMR (CDCI3): 61.44 (t, 3H, CH3), 3.05 (m, 1H,
- CH2 -), 3.42, 3.46 (dd, 1H, - CH- N =), 3.74
(s, 3H, -C02CH3), 3.85 (s, 3H, Ar-OCH3),
4.18,4.24 (dd, 1H, CH2 -),4.47 (q, 2H, J= 7 Hz,
CH2-CH3), 6.35 (d, 1H, J=2Hz, -CH-(CN}z),
6.98.(d, 2H, J=9 Hz, Ar-H), 7.40 (d, 2H, J=9
Hz, Ar-H), 7.99 (s, 1H, -N=CH-); 13C-
NMR: 13.75, 27.76, 45.67, 46.12,' 51.66, 55.33,
65.78, 101.09, 110.77, 111.68, 113.37, 114.60,
119.16, 126.49, 129.68, 143.12, 151.51, 158.18,
160.67,165.79; MS: mlz 404 (M+).
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